A B S T R A C T Using isoelectric focusing in polyacrylamide gel and a hemolytic assay for development of patterns, extensive structural polymorphism in human C8 has been delineated. Two C8 allotypes have been determined for two previously studied familes, each with a homozygous C8-deficient propositus. This study suggests that C8 deficiency is a silent or null allele of the C8 structural locus, and that half normal levels of C8 cannot be used as a single criterion for the establishment of heterozygous C8 deficiency. C8 allotypes, as well as 18 other autosomal markers, were also determined for 24 familes. The C8 structural locus is not closely linked to these markers, including the human histocompatibility loci complex.
INTRODUCTION
Extensive genetic polymorphism has been described in a number of complement proteins, including C31
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' Abbreviations used in this paper: Bf, properdin factor B;
C3, third component of complement; HLA, human histocompatibility loci; C6, sixth component of complement; C4, fourth component of complement; C2, second component of complement; C7, seventh component of complement; C8, eighth component of complement; C5, fifth component of complement; C9, ninth component of complement.
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(1, 2), C6 (3), and properdin factor B (4). There appears also to be extensive polymorphism in C4 (5-7), but there is disagreement with respect to the number and nature of alleles, the number of genetic loci, and the ability to detect heterozygotes. Less extensive inherited structural variation occurs in C2 (8, 9) , C7 (9, 10) , and properdin factor D (9) .
Inherited deficiency states for almost all complement proteins, including inhibitors, have been described (11) , including deficiency of C8 in three families (12) (13) (14) . The availability of C8-deficient serum from one affected individual (12) made possible the present study which is concerned with genetic structural polymorphism in human C8.
Genetic polymorphism of human complement proteins has been used to explore the linkage relationships of the corresponding genes and to study the inheritance of deficiency states. Study of the polymorphism of properdin factor B (Bf [4, 15] ) led to discovery of linkage of the loci for Bf and human histocompatibility loci (HLA [2] ).
Studies of C3 polymorphism (1, 2) and C3 deficiency established inherited C3 deficiency to be a phenotypic expression of an allele at the C3 structural locus (16) . The locus for inherited C2 deficiency was also noted to be closely linked to the HLA region (17, 18) . Subsequent studies of C2 polymorphism have confirmed this (8) (9) (10) 19) and that C2 deficiency is an allele of the C2 structural locus (20) . Narrow ranges in the normal levels of C2 often make possible identification of heterozygous carriers of C2 deficiency from serum C2 concentrations in family studies (21) . Detection of C6-deficient heterozygotes, despite a somewhat wider range of normal concentration is also possible and has been aided by the addition of studies of C6 polymorphism (22) . These studies also confirmed that C6 deficiency is an allele at the C6 structural locus.
The intimate association of C2 and Bf with the HLA complex and each other (23) has raised the question of the linkage of other human complement components to each other and HLA (24) . Concordant inheritance of polymorphism of C6 and C7 and of a combined defect of C6 and C7 in families suggests the linkage of C6 and C7 (9, 25) . Studies of the polymorphism of C4 and the C4-deficiency state have led to the conclusion that C4 is linked to HLA (5-7, 26, 27) and corresponding studies of the relevant proteins that C3 (28), C5 (29, 30) , C6 (31, 32) , and C7 (33, 34, 10) are not closely linked to HLA. Two studies of the relationship of C8 deficiency to HLA in large families have been described (35, 13) . In the first study (35) , it was concluded that C8 was closely linked to HLA. In the second family (13) , C8 deficiency was associated with several different HLA types in three homozygous deficient subjects, and it was concluded that C8 was not closely linked to HLA. A similar conclusion was reached from study of a small, third family (14) . In this family, children of heterozygous C8-deficient parents are described in which one presumed HLA-C8 deficiency crossover must have occurred on the hypothesis of linkage. The (36) contained _20 ng/ml of C3 (37) . Serum from a homozygous C5-deficient person (29, 30) Isoelectricfocusing in thin-layer polyacrylamide gel. The method of Awdeh et al. (43) , modified as described previously (3) , was used. Ampholytes (LKB Instruments, Inc., Rockville, Md., and Bio-Rad Laboratories, Richmond, Calif') in a range of pH 5-10 at a final concentration of 2% (three parts Bio-Rad pH 5-7, three parts Bio-Rad pH 7-9 and one part LKB pH 3.5-10) were incorporated into 5% acrylamide gels with 0.2 M taurine. The gels were polymerized with riboflavin and light.
Approximately 5-I1I samples were applied by moistening small rectangles of Whatman No. 1 filter paper and placing them on the gel surface near the anode. Isoelectric focusing was done for 24 h at 450 V.
Developing gel. When isoelectric focusing was complete (_20 h), a 1-mm thick layer of 0.6% agarose (Marine Colloids, Inc., Rockland, Maine) in isotonic Veronal-buffered saline at pH 7.4 containing 0.1% gelatin, 1 mM Mg++ and 0.15 mM Ca", 0.8% sheep erythrocytes sensitized with rabbit antibody, and 3% homozygous C8-deficient human serum (12) was poured over the acrylamide gel. After a 1-2-h incubation at 370C, bands of hemolysis developed optimally. For preservation of patterns, the agarose gel was separated from the acrylamide gel and then immersed in 2% glutaraldehyde solution in phosphate-buffered isotonic saline for 30 min at 4°C. The agarose gels were than soaked with distilled water overnight and allowed to dry on glass plates.
RESULTS
Bands of lysis developed regularly in the pH range 6.2-6.5. Almost all sera also produced zones and (or) bands of lysis more cathodally. Both zones appeared to be C8-induced because C8-deficient serum produced neither, and C3-, C5-, C6-, and C7-deficient human sera produced both. Because band formation occurred irregularly in the cathodal area, and because there appeared to be no simple correspondence between lysis bands in this area and the distinct patterns in the more anodal area, the cathodal zones and bands were ignored in subsequent analysis.
In orientals, three patterns of lysis were observed. Patterns from presumed homozygotes consisted of two (or sometimes three) bands of decreasing intensity from cathode to anode. In occasional patterns from homozygotes, the two most basic bands were nearly equal in intensity. Proceeding from cathode to anode, the first (major) band of C8A approximately coincided with the second (minor) band of C8B. In C8AB sera there were three easily visible bands, the middle one of which was most prominent and consisted of the superimposed major cathodal band of C8A and minor anodal band of C8B. On some plates, the major band of C8A was slightly more anodal than the minor band of C8B and in such cases C8AB consisted of four bands. In some sera from blacks and a single white, a variant more acidic than C8A was found. This was designated C8A1 and had the appearance of C8A and C8B except that its major cathodal band roughly corresponded in position to the minor anodal band of C8A. These findings are illustrated in Fig. 1 .
The genetic model for C8 polymorphism postulates two alleles in orientals and three in blacks and whites and assumes autosomal codominant Mendelian inheritance. This was tested in fimilies, as shown in Table I .
It can be seen that this mode of' inheritance was borne Genetic Control of the Eighth Component of ComplementFIGURE 1 Isoelectric focusing of human serum samples followed by development of bands of hemolysis induced by C8. C8 types are given below the appropriate patterns.
out by the family studies. There was male-to-male transmission of the proposed genes and some males were heterozygous, supporting the autosomal localization of the C8 structural gene locus.
Gene frequencies were tested in populations of unrelated individuals and are given in Table II . Further support for the autosomal codominant inheritance of C8 structural genes is provided by the observation that the distribution oftypes among individuals in the three major races of man fits those predicted by the HardyWeinberg equilibrium (Table III) . By x2 analysis, there were no significant differences between observed and expected incidences in any of the races. 26 mother-cord pairs demonstrate fetal synthesis and failure of transplacental passage. These results are given in Table IV 
DISCUSSION
Genetic polymorphism in human C8 has been delineated and is in almost all ways analogous to previously described inherited structural variation in C3 (1, 2), C6 (3), and Bf (4). As is true of the other complement proteins, C8 in homozygotes exhibits charge heterogeneity. This heterogeneity probably reflects minor postsynthetic alterations in the molecule (45, 46) . The inheritance pattern of C8 structural variants, as ofalmost all other complement gene products, is autosomal codominant.
The only unique feature ofthe genetic polymorphism in human C8 is the presence of a second zone of lysis cathodal to the primary informative area. It is conceivable that this secondary zone is related to the known propensity for C8 to associate with other terminal complement components (47) . This zone, however, was found in CS-, C6-, and C7-deficient sera, making this possibility less likely. It has not been ruled out that this secondary zone represents C8-C9 complexes. There are remarkably few differences among the frequencies of the common C8 alleles in the major races Family O-Q (13) with C8 deficiency. Homozygous C8-deficient individuals are completely blackened, whereas individuals now thought to be heterozygous C8-deficient are half-blackened. C8 allotypes are printed below each individual. Where a dash is given, genetic studies allow deduction of a null or silent allele.
of man. On the other hand, the less frequent allele C8A1 appears tp be more common in blacks than whites and was not detected in the relatively small number of orientals studied. The identification of inherited homozygous deficiency of individual complement components has led to the study of the kindred of these individuals. A salient problem raised by these studies is whether the deficiency state is due to a dominant mutation reducing product activity (as in hereditary angioedema or hypoxanthine-guanine phosphoribosyltransferase deficiency) or due to a silent or null gene allelic at the structural locus.
The problem has been complicated in the case of the complement proteins by the difficulty encountered in identification of heterozygous deficient individuals. This is true for those who are obligate heterozygotes because they are parents or children of homozygous deficient individuals and for those who are encountered in population surveys without family studies. Also, some heterozygous deficient individuals occur in farfiilies in which no homozygous deficient individual is found. The failure to detect heterozygotes as well as the error of misidentification of normals as heterozygous deficient individuals has made linkage studies using the deficiency state difficult and often inaccurate. The certainty of identification of inherited heterozygous deficiency of individual complement components has in general varied inversely with the width ofthe normal range of these serum proteins. Although the parents and children of homozygous deficient individuals are obligate carriers of a deficiency gene, in matings not involving homozygous individuals detection has depended on low antigenic or functional levels of the protein in question. For C2 and C3, 50% normal is <2 SD from the mean for both antigenic and functional assays. For other complement components, normal ranges are much broader.
Another method for detection of heterozygous deficient individuals has been to establish that a silent or null gene is allelic with a structural gene and then to demonstrate anomalous inheritance. To avoid tautological arguments, it is necessary (a) to show inheritance of a single gene product in all obligate heterozygous deficient individuals and (b) to demonstrate the inheritance in an offspring of a definite (preferably 
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